Introduction
The photolysis of saturated cyclic ethers seems to be more complex than that of open-chain ethers [1] . In the latter the most important primary process at X 185 is the homolytic scission of a C-0 bond. In the former this reaction would produce a biradical. In the smaller rings (n < 5) the biradical may break up yielding fragments or undergo reclosure, as observed in the photolysis of tetrahydrofurans [2] , The results of the present study indicate that intermolecular processes [3] can become equally, or even more, important, and that great caution must be exercised in the attempt to extend the mechanistic conclusions reached from the photolysis of one compound to a similar molecule, even if structurally closely related.
Results and Discussion
Tetrahydropyran is transparent in the near UV but strongly absorbs the A 185 line [4] of the low pressure Hg arc used in these experiments. X 254 is not photoactive in this system. Products and their quantum yields are listed in the Table. There is no pronounced temperature effect on the quantum yields which indicates that chain reactions [5] do not play a part in this photolysis. Reference compounds were available to allow assignment of all products but product 10. The identity of the latter as 2-(5'-hydroxypentyl)-tetrahydropyran was established on the basis of spectroscopic data (see Experimental).
The possible primary processes and some of the subsequent reactions are shown in the Scheme. We believe that C-0 bond homolytic cleavage is an important primary process in the present photolysis, just as in the case of other ethers [1] (reaction (2) ). This gives rise to the biradical whose self-disproportionation leads to 4-penten-l-ol (7) (reaction (10)) or valeraldehyde (6) (reaction (11) . (6 and 7 might, however, be formed to a considerable extent in the true molecular processes 3 and 4 which cannot be separated from the other routes: reactions (10), (11) , and (13)). Moreover, the biradical with its oxyl end could abstract a hydrogen atom from the solvent cage: reaction (8) . This would lead to a caged radical pair as shown in the Scheme. The radical HO-(CH2)5 can form %-pentanol (8) through disproportionation (reaction (14)) of this pair in the cage, dihydropyran (5) being the other product. Some also will come free and abstract a hydrogen atom from the substrate in the bulk of the solution.
Product 10 could in principle be formed in two ways (reactions (1) and (9)). If the disproportionation/combination ratio of the caged radical pair were known, an upper limit could be estimated from 99 (5) for the contribution of reaction (9) to 99 (10). Failing this, we cannot at present definitely settle the question whether reaction (1) or leaction (9) is the major source of product 10 (see below).
Process (5) is of little importance as demonstrated by the low quantum yields of formaldehyde, ethylene, and cyclobutane, probably via a tetramethylene intermediate. The fragmentation of the tetramethylene species into two molecules of ethylene is a familiar process (c/. [6] ).
Hydrogen atoms (from reaction (6)) readily abstract from the substrate, and give molecular hydrogen and substrate radicals (preferentially those in a-position to the ring oxygen). The alternative route to molecular hydrogen (reaction (7)) may also take place. Their sum 9? (H2) equals 0.04, showing that processes (6) and (7) are not important.
The sum of the quantum yields of all primary processes approaches unity. This indicates that little reclosure of the biradical, in so far as it is being formed, occurs. In some tetrahydrofurans [2] this process plays a major role whereas a reaction of the biradical with the substrate and the formation of the "cage product" equivalent to 10 is -although observed -comparatively small, with a quantum yield of the order of IO -2 .
The formation of product 10 is probably the most interesting feature of this photolysis. In the photolysis of the neat tetrahydropyran, 10 may be formulated as the combination product of a caged radical pair. Evidence for the latter assertion comes from the absence (99 < IO -3 ) of 1,10-decanediol (11), the expected combination product of two HO(CH2)s radicals. If all combination products were formed without the cage, then on statistical grounds using 9? (9) = 0.03 and 99 (10) = 0.21 which are proportional to the encounter probabilities, one would calculate 0.36 for the decanediol quantum yield which is far off the experimental value of less than 0.001. On the basis of the cage hypothesis one might expect 99 (pentanol) to increase with temperature. Surprisingly, no measurable temperature effect on the quantum yields was found. However, if an out-ofcage contribution of the HO(CH2)5 radical to the pentanol yield is only small (99 »0.05) the expected change in 99 (pentanol) might be within the experimental error.
Some doubt is thrown on the hypothesis that much 10 is formed via reaction (9), by the results of the photolysis of tetrahydropyran in solution where there is no indication that the biradical leads to a radical pair with the participation of a cage molecule other than tetrahydropyran. Products such as (5'-hydroxy-pentyl)cyclohexane are absent when the solvent is cyclohexane. Thus it would follow that the formation of 10, at least in solutions of tetrahydropyran, is probably the consequence of a very specific photochemical reaction between two tetrahydropyran molecules. Examples of other inter-molecular photochemical processes which occur at }. 185 have been described [3] .
The behaviour of 99 (10) and <p (7) as a function of tetrahydropyran concentration in its solutions is complex. In cyclohexane, 99 (10) goes through a broad maximum centered at around v:v 1:1, then tends steeply toward zero as the tetrahydropyran concentration falls further (9910 (Tetrahydropyran in cyclo (1)). In formaldehyde dimethyl acetal, 99 (10) also tends to zero with falling tetrahydropyran concentrations (the absorption of the solvent at 185 nm [7] being taken into account), and there is no maximum (9910 (Tetrahydropyran in formaldehyde dimethyl acetal), vol.%): 0.21 (100), 0.14 (80), 0.13 (70), 0.12 (25), 0.05 (5)). In contrast, y (7) shows a definite increase with falling tetrahydropyran concentration in cyclohexane, (997 (Tetrahydropyran (5)). It is apparent that in the photolysis of these mixtures concentration dependent solvent effects [8] come into play which are at present not understood.
Experimental
Tetrahydropyran (Merck) was fractionated to a GC purity >99.92%. Sample preparation, irradiation and analysis was largely as described [9] . Irradiations were carried out at 20 and 70 °C. The dose rate as determined by the ethanol actinometer [1] was 4.3 X 10 17 quanta min -1 per 2 ml sample. Doses ranged from 2.2 x 10 18 to 26 X 10 18 quanta in the kinetic experiments, corresponding to conversions between about 0.02 and 0.25%. Mixtures of tetrahydropyran with cyclohexane and formaldehyde dimethyl acetal at various concentrations were also irradiated. The products contained in the irradiated liquid were determined on a 40 m Carbowax 20 M, and/or on a 100 m PPG coated glass capillary column. w-Cgtho and W-C18H38 were used as internal standards; the GC molecular response factors of the products were determined using authentic material (sources see Table) , or estimated on an incremental basis (c/. [10] ). The quantum yields of the larger products are considered accurate within ± 10%. The gaseous products were purged from the sample and introduced into the gas Chromatograph by the appropriate carrier gas as described [11] . Formaldehyde was determined photometrically by the acetylacetone-ammonium acetate method [12] . The other products were identified by means of authentic reference material and/or GC-MS. Mass spectra were done on an Atlas MAT CH4 instrument.
For further confirmation of product 10 (see Table) , deaerated tetrahydropyran was irradiated at A 185 on a preparative scale to a total conversion of about 3%. Evaporation of volatile and unreacted material yielded a crude product which was refined by preparative GC on a 10 m stainless steel column (i. d. 10 mm) packed with DC 550-coated Chromosorb P (20%), and then subjected to TMS derivatization and IR, 13 C NMR, and mass spectrometry. The TMS derivative was obtained by treating 10 with an excess of bis-trimethylsilyltrifiuoroacetamide for 2 h at 50 °C and was gas chromatographed on a 50 m OS 138-coated glass capillary column. IR (model 621 Perkin Elmer) of the underivatized compound 10 showed the presence of a hydroxyl group (solution: 3610 cm -1 , 3450 cm -1 (broad); film: 3400 cm - Off-resonance 13 C NMR revealed that the signal at 77.85 ppm is a doublet whereas the others are triplets, suggesting one branching point in the molecule. The mass spectrum of 10 showed the presence of the a-tetrahydropyranyl structural unit (m/e 85, 100%), and a probable molecular weight of 172 (m/e 172, 1%). Further peaks are at m/e 41 (30%), 55 (20%), 29 (15%), 57 (15%), 67 (12%), 31 (10%), 43 (10%), 130 (3%). The mass spectrum of the TMS derivative of 10 indicated a molecular weight of 244 (2%). Further peaks are at m/e 85 (100%), 75 (38%), 73 (30%), 81 (27%), 95 (25%), 41 (22%), 67 (20%), 55 (18%), 154 (6%).
